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Summary

Purpose: Panitumumab, an anti-epithelial growth factor 
receptor (EGFR) antibody, has been known to be effective 
treatments for wild-type KRAS metastatic colorectal cancer 
(mCRC). However, the efficacy of panitumumab for refrac-
tory mCRC remains controversial. Thus, we performed this 
meta-analysis to clarify and evaluate the effectiveness of 
panitumumab in patients with refractory mCRC.

Methods: PubMed, Cochrane and Embase were searched up 
to October 2018 using appropriate key words. Only rand-
omized controlled trials (RCTs) were included in the qualified 
studies. Odds ratio (OR) along with 95% confidence interval 
(95% CI) were utilized for main outcome analysis.

Results: A total of 7 RCTs were included in this analysis. 
Overall survival (OS, OR=1.01, 95% CI 0.81-1.27; p=0.90) and 
progression free survival (PFS, OR =0.78, 95% CI 0.62-1.00; 
p=0.05) were not significantly different in mCRC patients 
pretreated with panitumumab, but the pooled OR for overall 
response rate (ORR) was 3.71 (95% CI 1.34-10.31;p=0.01), 

indicating that panitumumab improved the ORR. Moreover, 
subgroup analysis showed that patients treated with panitu-
mumab plus irinotecan-based chemotherapy did not achieve 
any benefit in PFS (OR=0.91, 95% CI 0.68-1.22; p=0.53) or 
OS (OR=0.93, 95% CI 0.79-1.09; p=0.36) than controls. The 
results also indicated that the combination chemotherapy 
with either panitumumab or cetuximab was comparable in 
efficacy in terms of PFS (OR=0.80, 95% CI 0.62-1.04; p=0.10) 
and OS (OR=1.28, 95% CI 0.72-2.27, p=0.40).

Conclusions: The current analysis indicates that panitu-
mumab was not associated with survival benefit but ORR 
was improved among pre-treated mCRC patients. Future 
investigations are needed to identify relevant biomarkers in 
selected patients that would most likely benefit from pani-
tumumab therapy for refractory mCRC.
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Introduction

 Colorectal cancer (CRC) is a common malig-
nancy with a high cancer-related mortality around 
the world, and half of CRC patients will develop 
metastatic disease [1]. For advanced cases, further 
treatments after failure of initial therapy should 
be employed. Along with improvements in sys-
temic chemotherapy in advanced metastatic colo-
rectal cancer (mCRC), the emergence of molecu-
lar-targeted agents has offered clinical benefits 

in the treatment of pretreated advanced mCRC
[2-4]. 
 The epidermal growth factor receptor (EGFR) is 
overexpressed in CRC [5], and has been regarded as 
a molecular therapeutic target by activating vari-
ous signaling pathways that regulate cell prolifera-
tion [6]. It has been well-established that panitu-
mumab, a fully humanized monoclonal antibody 
against EGFR, achieves survival benefit in patients 
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with mCRC [7]. However, panitumumab appears to 
have different results when compared to different 
chemotherapeutics either alone or in addition to 
others to treat the mCRC. 
 The ASPECCT trial compared the efficacy of 
panitumumab and cetuximab and showed that 
the overall survival (OS) of mCRC patients who 
were refractory or intolerant to chemotherapy and 
treated with panitumumab was similar to that of 
patients treated with cetuximab [8]. Moreover, 

panitumumab plus irinotecan-based chemotherapy 
showed beneficial results compared with the addi-
tion of panitumumab to oxaliplatin-based chemo-
therapy [9,10]. 
 Today, there are still conflicting results over 
the therapeutic efficacy of panitumumab for 
mCRC patients who have failed initial therapy. 
The objective of this meta-analysis was to assess 
the efficacy of panitumumab in pre-treated mCRC
patients.

Figure 1. PRISMA flow chart of the selection process to identify studies eligible for pooling.
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Methods 

Search strategy 

 We searched electronic databases including Pub-
Med, Embase, and Cochrane from the study inception to 
October 2018 to identify all eligible studies. The process 
was to find all articles with the keywords: “panitumum-
ab” AND “metastatic colorectal cancer” AND “EGFR”, 
AND “pretreated patients” and relevant Medical Subject 
Heading (MeSH) terms were used during the literature 
search. Literature was also searched using reference lists 
and materials.

Eligibility criteria

 Articles that complied to the following inclusion 
criteria were included in this analysis: (1) randomized 
control trials (RCTs); (2) mCRC patients who had received 
prior chemotherapy; (3) trials comparing the efficacy of 
panitumumab with chemotherapy; (4) at least one of the 
following outcome measures was reported: OS, PFS, and 
ORR and hazard ratios (HRs) with corresponding 95% CI 
(Cis); (5) the full texts were available. 

Quality assessment 

 Two investigators assessed the quality of the re-
trieved studies independently. Study quality was justi-
fied using the Cochrane Collaboration’s “Risk of bias” tool.

Data extraction 

 Two authors separately extracted the relevant data 
from each trial. Disagreement was settled through dis-
cussion. From each of the eligible studies, the main 
categories were based on the following: name of first 
author, year of publication, patient number, mean age, 
treatment regimen, and main outcomes. We extracted 
the corresponding odds ratios (ORs) with 95%CI to de-
scribe the endpoints of interest. 

Statistics

 The Review Manager version 5.3 software (Rev-
man; The Cochrane collaboration Oxford, United King-
dom) was utilized to perform all statistical analyses. 
To assess the heterogeneity of studies and determine 
the model for analysis (the random-effects model or the 
fixed-effects model), I2 tests and x2 test were conducted 
[11]. The fixed-effects model was used if heterogene-
ity was insignificant (I2≤50%). If the source of heter-
ogeneity was not insignificant (I2>50%) or uncertain, 
we used the random-effects model for further analy-
sis [12]. P value <0.05 showed statistical significance. 
Findings of our meta-analysis were performed in forest
plots.

Results

Overview of literature search and study characteristics

 A total of 431 studies were screened for eligi-
bility. During preliminary screening of abstracts 
and titles, 420 studies were eliminated, leaving 
11 publications for further assessment, but some 
did not provide enough detail of outcomes of the 
two approaches. Finally, a total of 7 RCTs [13-19] 
were eligible in the meta-analysis (Figure 1). All 
included studies were based on moderate to high 
quality evidence. Table 1 provides a brief descrip-
tion of these 7 studies.

Clinical and methodological heterogeneity

Pooled analysis of PFS comparing panitumumab ver-
sus chemotherapy 

 The pooled results from 6 studies showed that 
the PFS of the chemotherapy group was compara-

Study,Year Treatment regimen Patients number Age(years)

Study arm Comparative arm Study arm Comparative arm Study arm Comparative arm

Shitara,
2016

FOLFIRI plus 
panitumumab

FOLFIRI plus 
bevacizumab

59 58 62 64

Jerzak,
2017

panitumumab 
monotherapy

cetuximab plus 
irinotecan

803 278 64 61

Hecht
2014

FOLFIRI plus 
panitumumab

FOLFIRI plus 
bevacizumab

91 91 62 58

Kim
2016

panitumumab plus 
best supportive care

best supportive care 189 188 62 60

Hayashi,
2018

panitumumab cetuximab 44 178 / /

Peeters,
2015

FOLFIRI plus 
panitumumab

FOLFIRI alone 208 213 60 60

Yamaguchi,
2016

Panitumumab plus 
irinotecan

Cetuximab plus 
irinotecan

42 107 62 63

Table 1. Detailed information of included studies
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Figure 2. The effect of comparing panitumumab-based chemotherapy on PFS.

Figure 3. The effect of panitumumab-based chemotherapy to chemotherapy on OS.

Figure 4. The effect of panitumumab-based chemotherapy on ORR. 

Figure 5. Pooled analysis of PFS comparing panitumumab versus irinotecan-based chemotherapy.

Figure 6. Pooled analysis of OS comparing panitumumab versus irrinotecan-based chemotherapy.
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ble with the panitumumab group (OR=0.78, 95% 
CI 0.62-1.00; p=0.05) (Figure 2). 

Pooled analysis of OS comparing panitumumab versus 
chemotherapy 

 In the analysis of OS, all studies were included, 
and the data are shown in Figure 3. The results 
showed no significant difference in OS between the 
panitumumab group and the chemotherapy group 
(OR=1.01, 95% CI 0.81-1.27; p=0.90). 

Pooled analysis of ORR comparing panitumumab ver-
sus chemotherapy 

 The pooled ORR data showed a significant dif-
ference between the two groups (OR=3.71, 95% CI 
1.34-10.31; p=0.01). i.e. significantly increased ORR 
was found in the panitumumab group (Figure 4).

Subgroup analysis of patients treated with panitu-
mumab plus irinotecan-based chemotherapy

 Subgroup analysis showed that patients treated 
with panitumumab plus irinotecan-based chemo-
therapy did not differ significantly in PFS versus the 
controls (OR=0.91, 95% CI 0.68-1.22; p=0.53) (Fig-
ure 5) and OS (OR=0.93, 95% CI 0.79-1.09; p=0.36) 
(Figure 6).

Subgroup analysis of patients treated with pani-
tumumab-based chemotherapy vs cetuximab-based 
chemotherapy

 The pooled data showed no significant dif-
ference in PFS (OR=0.80, 95% CI 0.62-1.04; 
p=0.10) (Figure 7) and OS (OR=1.28, 95% CI 0.72-
2.27; p=0.40) (Figure 8) between panitumumab 

and cetuximab for pretreated advanced mCRC
patients. 

Discussion

 Chemotherapeutic agents have significantly 
contributed to survival improvement, disease con-
trol and quality of life in patients with advanced-
stage cancer [20,21]. Panitumumab can directly 
bind to EGFR, and has been used to treat wild-
type (WT) KRAS patients who have disease pro-
gression after the standard treatment [22,23]. This 
monoclonal antibody is commonly used with the 
addition to back-bone standard cytotoxic chemo-
therapy including fluorouracil and leucovorin as 
first- or second-line chemotherapy, which is based 
on positive outcomes from previous trials [24]. Yet, 
the efficacy of panitumumab still remains under
investigation.
 According to this meta-analysis, patients 
treated with panitumumab were non-inferior to 
patients treated with chemotherapy concerning 
survival. Based on previous findings, the 20100007 
study [16], a phase 3 trial evaluating panitumumab 
plus best supportive care vs best supportive care 
in chemorefractory wild-type KRAS or RAS mCRC. 
has demonstrated the positive value of wild-type 
KRAS exon 2 for response in mCRC patients receiv-
ing panitumumab monotherapy. However, there 
is still a substantial proportion of wild-type KRAS 
exon 2 mCRC patients who are unlikely to benefit 
from panitumumab; thus, patient selection needs to 
be further refined. The results from both prospec-
tive and retrospective studies provide support to 
the use of panitumumab in wild-type RAS mCRC 

Figure 7. Pooled analysis of PFS comparing panitumumab-based chemotherapy versus cetuximab-based chemotherapy.

Figure 8. Pooled analysis of OS comparing panitumumab-based chemotherapy versus cetuximab-based chemotherapy.
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patients [18]. Previous studies found that pani-
tumumab plus FOLFIRI compared with FOLFIRI 
alone in the wild-type RAS mCRC group versus the 
wild-type KRAS exon 2 mCRC group achieved PFS 
and OS benefit. Conversely, patients with wild-type 
KRAS exon 2 but with other RAS mutations did not 
respond to panitumumab plus FOLFIRI [25-27].
 Cetuximab, like panitumumab, was treated as 
a chimeric monoclonal antibody which is directed 
against EGFR [28]. Although both cetuximab and 
panitumumab have been used in wild-type RAS 
mCRC patients who have failed initial therapy 
[29,30], the optimal use of these agents either alone 
or in combination with chemotherapy is still under 
debate. In this meta-analysis, subgroup analysis 
demonstrated no benefit of panitumumab versus 
cetuximab for pretreated advanced mCRC in terms 
of survival. These findings can be viewed with cau-
tion: Firstly, the precise biological mechanisms 
differ between antibodies. Panitumumab has 3- to 
8-fold higher affinity than the human murine chi-
meric monoclonal antibody cetuximab for target-
ing EGFR [30]. This differential pharmacokinetics 
may be associated with the difference in efficacy 
between the two antibodies. Secondly, toxicity in-
duced by different anti-EGFR antibodies and chem-
otherapy affected post-progression therapy, which 
can be associate with the risk of death [31]. 
 Regarding the ORR, our results showed that 
panitumumab led to significantly higher ORR in 
mCRC patients. In the Sotelo’s study [32], the ORR 
for wild-type RAS panitumumab group was 41%, 

which is one of the highest rates in the second-
line therapy. In patients receiving panitumumab, 
the tumor response was dramatic and the likeli-
hood of achieving ≥30% reduction in tumor dimen-
sions within 8 weeks of treatment was high, which 
should be considered during decision-making for 
second-line   treatment. 
 Our study has several limitations. First, as this 
study was a study-level meta-analysis because of 
the lack of patient-level data, an imbalance existed 
among the included studies which might affect the 
results, even though all the included studies were 
RCTs. Second, patients with different EGFR and 
RAS mutations might have differential responses 
to panitumumab treatment. Future research should 
aim to identify subgroup of patients who are more 
likely to benefit from panitumumab through iden-
tification and validation of biomarkers. 
 In summary, the current study indicates that 
panitumumab was not associated with either OS 
or PFS benefit, but significantly increased ORR 
among pre-treated mCRC patients. Development 
in the therapy of mCRC patients who have disease 
progression after failure of initial therapy have led 
to a paradigm of “personalized” medicine in oncol-
ogy, at least in selected patients with driver gene 
mutations such as EGFR mutations, which need to 
be explored in the future.

Conflict of interests

 The authors declare no conflict of interests.

References

1. Chen Q , Cheng M , Wang Z et al. The efficacy and safety 
of panitumumab plus irinotecan-based chemotherapy 
in the treatment of metastatic colorectal cancer. Medi-
cine 2016; 95:e5284.

2. Heinemann V, Weikersthal L, Decker T et al. FOLFIRI 
plus cetuximab versus FOLFIRI plus bevacizumab as 
first-line treatment for patients with metastatic colo-
rectal cancer (FIRE-3): a randomised, open-label, phase 
3 trial. Lancet Oncol 2014;15:1065-75.

3. Venook AP, Niedzwiecki D, Lenz HJ et al. Effect of 
first-line chemotherapy combined with cetuximab or 
bevacizumab on overall survival in patients with KRAS 
wild-type advanced or metastatic colorectal cancer: a 
randomized clinical trial. JAMA 2017;317:2392-2401.

4. Schwartzberg LS, Wagner VJ. PEAK: A randomized 
phase II study to compare the efficacy of panitumumab 
plus mFOLFOX6 to bevacizumab plus mFOLFOX6 in 
patients (pts) with previously untreated, unresectable 
metastatic colorectal cancer (mCRC) expressing wild-
type KRAS. ASCO Meet Abstr 2010;28(15_Suppl).

5. Vectibix® (panitumumab). Full Prescribing Informa-
tion, Amgen Inc., Thousand Oaks, CA, 2014.  

6. Banck MS, Grothey A . Biomarkers of Resistance to 
Epidermal Growth Factor Receptor Monoclonal Anti-
bodies in Patients with Metastatic Colorectal Cancer. 
Clin Cancer Res 2009;15:7492.

7. Douillard JY, Siena S, Cassidy J et al. Randomized, Phase 
III Trial of Panitumumab With Infusional Fluorouracil, 
Leucovorin, and Oxaliplatin (FOLFOX4) Versus FOL-
FOX4 Alone As First-Line Treatment in Patients With 
Previously Untreated Metastatic Colorectal Cancer: The 
PRIME Study. J Clin Oncol 2010;28:4697.

8. Price TJ, Peeters M, Kim TW et al. Panitumumab versus 
cetuximab in patients with chemotherapy-refractory 
wild-type KRAS exon 2 metastatic colorectal cancer 
(ASPECCT): a randomised, multicentre, open-label, non-
inferiority phase 3 study. Lancet Oncol 2014;15:569-79.

9. Mitchell EP, Piperdi B, Lacouture ME et al. The efficacy 
and safety of panitumumab administered concomitant-
ly with FOLFIRI or Irinotecan in second-line therapy 



Panitumumab in metastatic colorectal cancer 1463

JBUON 2019; 24(4): 1463

for metastatic colorectal cancer: the secondary analysis 
from STEPP (Skin Toxicity Evaluation Protocol With 
Panitumumab) by KRAS status. Clin Colorectal Cancer 
2011;10:333-9.

10. Peeters M, Price TJ, Cervantes A et al. Randomized 
Phase III Study of Panitumumab With Fluoroura-
cil, Leucovorin, and Irinotecan (FOLFIRI) Compared 
With FOLFIRI Alone As Second-Line Treatment in Pa-
tients With Metastatic Colorectal Cancer. J Clin Oncol 
2010;28:4706-13.

11. Higgins JP, Thompson SG. Quantifying heterogeneity 
in a meta-analysis. Statistics Med 2002;21:1539-58.

12. Higgins JP, Thompson SG, Deeks JJ, Altman DG. 
Measuring inconsistency in meta-analyses. BMJ 
2003;327:557-60.

13. Shigeta K, Hasegawa H, Okabayashi K et al. Rand-
omized phase II trial of TEGAFIRI (tegafur/uracil, oral 
leucovorin, irinotecan) compared with FOLFIRI (fo-
linic acid, 5-fluorouracil, irinotecan) in patients with 
unresectable/recurrent colorectal cancer. Int J Cancer 
2016;139:946-54.

14. Jerzak K J , Berry S , Ko Y J et al. Cetuximab plus irinote-
can versus panitumumab in patients with refractory 
metastatic colorectal cancer in Ontario, Canada. Int J 
Cancer 2017;140:2162-7.

15. Hecht JR, Cohn A, Dakhil S et al. SPIRITT: A Rand-
omized, Multicenter, Phase II Study of Panitumum-
ab with FOLFIRI and Bevacizumab with FOLFIRI as 
Second-Line Treatment in Patients with Unresectable 
Wild Type KRAS Metastatic Colorectal Cancer. Clin 
Colorectal Cancer 2015;14:72-80.

16. Kim TW, Elme A, Kusic Z et al. A phase 3 trial evaluat-
ing panitumumab plus best supportive care vs best 
supportive care in chemorefractory wild-type KRAS 
or RAS metastatic colorectal cancer. Br J Cancer 
2016;115:1206-14.

17. Hayashi K , Mitani S , Taniguchi H et al. Panitumumab 
Provides Better Survival Outcomes Compared to Cetux-
imab for Metastatic Colorectal Cancer Patients Treated 
with Prior Bevacizumab within 6 Months. Oncology 
2018:1-8.

18. Peeters M, Oliner KS, Price TJ et al. Analysis of KRAS/
NRAS Mutations in a Phase III Study of Panitumumab 
with FOLFIRI Compared with FOLFIRI Alone as Sec-
ond-line Treatment for Metastatic Colorectal Cancer. 
Clin Cancer Res 2015;21:5469.

19. Yamaguchi T, Iwasa S, Nagashima K et al. Comparison 
of Panitumumab Plus Irinotecan and Cetuximab Plus 

Irinotecan for KRAS Wild-type Metastatic Colorectal 
Cancer. Anticancer Res 2016;36:3531-6.

20. Simmonds PC. Palliative chemotherapy for advanced 
colorectal cancer: systematic review and meta-anal-
ysis. Colorectal Cancer Collaborative Group. BMJ 
2000;321:531-5.

21. Labianca RF, Beretta GD, Pessi MA. Disease manage-
ment considerations: disease management considera-
tions. Drugs 2001;61:1751.

22. Amgen. Vectibix Prescribing Information. Thousand 
Oaks, CA;Amgen:2009.

23. Vectibix Summary of Product Characteristics. Breda, 
the Netherlands; Amgen Europe BV: 2009.  

24. NCCN Clinical Practice Guidelines in Oncology, ver-
sion 2. Colon Cancer NCCN;USA:2016.  

25. Bokemeyer C, Bondarenko I, Makhson A et al. Fluo-
rouracil, leucovorin, and oxaliplatin with and without 
cetuximab in the first-line treatment of metastatic colo-
rectal cancer. J Clin Oncol 2009;27:663-71.

26. Douillard JY, Oliner KS, Siena S et al. Panitumumab-
FOLFOX4 treatment and RAS mutations in colorectal 
cancer. N Engl J Med 201;369:1023-34.

27. Van CE, Lenz HJ, Köhne CH et al. Fluorouracil, leu-
covorin, and irinotecan plus cetuximab treatment 
and RAS mutations in colorectal cancer. J Clin Oncol 
2015;33:692-700.

28. Jonker DJ, O’Callaghan CJ, Karapetis CS et al. Cetuxi-
mab for the treatment of colorectal cancer. N Engl J 
Med 2007;57:2040.

29. Amado RG, Wolf M, Peeters M et al. Wild-Type KRAS 
Is Required for Panitumumab Efficacy in Patients 
With Metastatic Colorectal Cancer. J Clin Oncol 
2008;26:1626-34.

30. Price TJ, Peeters M, Kim TW et al. Panitumumab versus 
cetuximab in patients with chemotherapy-refractory 
wild-type KRAS exon 2 metastatic colorectal cancer 
(ASPECCT): a randomised, multicentre, open-label, 
non-inferiority phase 3 study. Lancet Oncol 2014;15: 
569-79.

31. Hecht JR, Mitchell E, Chidiac T et al. A randomized 
phase IIIB trial of chemotherapy, bevacizumab, and 
panitumumab compared with chemotherapy and beva-
cizumab alone for metastatic colorectal cancer. J Clin 
Oncol 2009;27:672-80.

32. Sotelo MJ, Beatriz García-Paredes, Aguado C et al. Role 
of cetuximab in first-line treatment of metastatic colo-
rectal cancer. World J Gastroenterol 2014;20:4208-19.


